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[NAME OF DOCUMENT] CLAIMS AND SPECIFICATION 

[TITLE OF THE INVENTION] PHOTOVOLTAIC POWER GENERATION 

SYSTEMS AND METHODS OF CONTROLLING PHOTOVOLTAIC POWER 

GENERATION SYSTEMS 

[CLAIMS] 

[Claim 1] A photovoltaic power generation system using 
a solar cell module, which comprises detecting means capable 
of detecting intrusion of an intruder into a restricted 
area including an area having the solar cell module installed 
therein, in which a predetermined electric shock preventing 
means activated by a signal outputted from the detecting 
means by detection of the intruder is operated to prevent 
electrical shock of the intruder. 

[Claim 2] A photovoltaic power generation system using 
a solar cell module, which comprises a restricted area 
including an area having the solar cell module installed 
therein, means for preventing intrusion of an intruder into 
the restricted area , and detecting means capable of detecting 
the intrusion of the intruder into the restricted area, 
in which a predetermined electric shock preventing means 
activated by a signal outputted from the detecting means 
by detection of the intruder is operated to prevent electrical 
shock of the intruder. 

[Claim 3] The photovoltaic power generation system 
according to Claim 2, wherein the means for preventing the 
intrusion of the intruder is a stockade, a wall, a fence, 
or a ditch. 
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[Claim 4] The photovoltaic power generation system 
according to Claim 2 or 3, wherein the means for preventing 
the intrusion of the intruder is double means for preventing 
the intrusion of the intruder. 

[Claim 5] The photovoltaic power generation system 
according to Claim 4 , wherein the detecting means is mounted 
on inside means for preventing the intrusion of the intruder 
out of the double means for preventing the intrusion of 
the intruder. 

[Claim 6] The photovoltaic power generation system 
according to any one of Claims 1 to 5, wherein the detecting 
means is either of a proximity sensor, an optical sensor, 
a magnetic sensor, a magnet sensor, a temperature sensor, 
a humidity sensor, an impact sensor, an acceleration sensor, 
a weight sensor, a current sensor, and an electromagnetic 
sensor. 

[Claim 7] The photovoltaic power generation system 
according to any one of Claims 1 to 6 , wherein the electric 
shock preventing means is means for shorting the solar cell 
module or a solar cell string consisting of a plurality 
of the solar cell modules in series . 

[Claim 8] The photovoltaic power generation system 
according to Claim 7, wherein the electric shock preventing 
means comprises a circuit breaker and the circuit breaker 
disconnects the solar cell module or the solar cell string 
from the photovoltaic power generation system to deactivate 
the module or the string. 
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[Claim 9] The photovoltaic power generation system 
according to Claim 7 or 8, wherein the solar cell string 
is at least two solar cell strings connected in parallel 
to each other to form a solar cell array. 
[Claim 10] The photovoltaic power generation system 
according to any one of Claims 1 to 9, wherein the electric 
shock preventing means has a function of releasing an electric 
shock preventing action. 

[Claim 11] The photovoltaic power generation system 
according to any one of Claims 1 to 10, wherein the solar 
cell module is installed so that a photovoltaic element 
provided in an outermost surface on the light -receiving 
side is exposed directly to the atmosphere. 
[Claim 12] The photovoltaic power generation system 
according to any one of Claims 1 to 10, wherein the solar 
cell module has a coating only on an outermost surface on 
the light -receiving side. 

[Claim 13] The photovoltaic power generation system 
according to any one of Claims 1 to 10, wherein the solar 
cell module is coated at least on a module-by-module basis 
on the light -receiving side. 

[Claim 14] The photovoltaic power generation system 
according to any one of Claims 1 to 13, wherein live portions 
of the photovoltaic power generation system are exposed 
in part . 

[Claim 15] A method of controlling a photovoltaic power 
generation system using a solar cell module, which comprises 



providing detecting means capable of detecting intrusion 
of an intruder into a restricted area including an area 
having the solar cell module installed therein , and operating 
electric shock preventing means for preventing electrical 
shock of the intruder in accordance with a signal outputted 
from the detecting means upon detection of the intruder. 
[Claim 16] A method of controlling a photovoltaic power 
generation system using a solar cell module, which comprises 
providing a restricted area including an area having the 
solar cell module installed therein, means for preventing 
intrusion of an intruder into the restricted area, and 
detecting means capable of detecting the intrusion of the 
intruder into the restricted area, and operating electric 
shock preventing means for preventing electrical shock of 
the intruder in accordance with a signal outputted from 
the detecting means upon detection of the intruder. 
[Claim 17] The method according to Claim 16, wherein the 
means for preventing the intrusion of the intruder is a 
stockade, a wall, a fence, or a ditch. 

[Claim 18] The method according to Claim 16 or 17, wherein 
the means for preventing the intrusion of the intruder is 
double means for preventing the intrusion of the intruder. 
[Claim 19] The method according to Claim 18, wherein the 
detecting means is mounted on inside means for preventing 
the intrusion of the intruder out of the double means for 
preventing the intrusion of the intruder. 

[Claim 20] The method according to any one of Claims 15 
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to 20, wherein the detecting means is either of a proximity 
sensor, an optical sensor , a magnetic sensor , a magnet sensor , 
a temperature sensor, a humidity sensor, an impact sensor, 
an acceleration sensor, a weight sensor, a current sensor, 
and an electromagnetic sensor. 

[Claim 21] The method according to any one of Claims 15 
to 20, wherein the electric shock preventing means is means 
for shorting the solar cell module or a solar cell string 
consisting of the solar cell modules connected in series. 
[Claim 22] The method according to Claim 21, wherein the 
electric shock preventing means comprises a circuit breaker 
and the circuit breaker disconnects the solar cell module 
or the solar cell string from the photovoltaic power 
generation system to deactivate the module or the string. 
[Claim 23] The method according to Claim 21 or 22, wherein 
the solar cell string is at least two solar cell strings 
connected in parallel to each other to form a solar cell 
array . 

[Claim 24] The method according to any one of Claims 15 
to 23, wherein the electric shock preventing means has a 
function of releasing the electric shock preventing means. 
[Claim 25] A method of controlling a photovoltaic power 
generation system having a solar cell array comprised of 
a plurality of solar cell strings connected in parallel, 
each solar cell string being comprised of a plurality of 
solar cell modules connected in series , the method comprising 
detecting an output signal from one or more sensors disposed 
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around the solar cell array, and controlling a switch for 
establishing a short circuit between output terminals of 
the solar cell array in accordance with the output signal. 
[Claim 26] The method according to Claim 25 , wherein when 
the output signal of the sensor is not more than a 
predetermined value, the short circuit between the output 
terminals of the solar cell array is established. 
[Claim 27] The method according to Claim 26, wherein an 
alarm is issued before the short circuit between the output 
terminals of the solar cell array is established. 
[Claim 28] The method according to Claim 25, wherein when 
the output signal of the sensor is not more than a 
predetermined value, an alarm is issued and thereafter the 
short circuit between the output terminals of the solar 
cell array is established after a lapse of a predetermined 
time . 

[Claim 29] The method according to any one of Claims 25 
to28, wherein the short circuit between the output terminals 
of the solar cell array is retained before a release operation 
is carried out . 

[Claim 30] A method of controlling a photovoltaic power 
generation system having a solar cell array comprised of 
a plurality of solar cell strings connected in parallel, 
each solar cell string being comprised of a plurality of 
solar cell modules connected in series , the method comprising 
detecting an output signal from a plurality of sensors 
disposed around each of the solar cell strings, and 
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controlling a switch for establishing a short circuit between 
output terminals of each of the solar cell strings in 
accordance with the output signal. 

[Claim 31] The method according to Claim 30 , wherein when 
the output signal from sensors for each string of the solar 
cell array is not more than a predetermined value, the short 
circuit between output terminals of said each string is 
established. 

[Claim 32] The method according to Claim 31, wherein an 
alarm is issued before the short circuit between output 
terminals of each string of the solar cell array is 
established. 

[Claim 33] The method according to Claim 30, wherein when 
the output signal from sensors for each string of the solar 
cell array is not more than a predetermined value, an alarm 
is issued and thereafter the short circuit between output 
terminals of said each string is established, after a lapse 
of a predetermined time. 

[Claim 34] The method according to any one of Claims 30 
to 33 , wherein a short-circuit state between output terminals 
of each string of the solar cell array is retained before 
a release operation is carried out. 

[Claim 35] The method according to any one of Claims 15 
to 34, wherein the solar cell module is installed so that 
a photovoltaic element provided in an outermost surface 
on the light -receiving side is exposed directly to the 
atmosphere . 
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[Claim 36] The method according to any one of Claims 15 
to 34, wherein the solar cell module has a coating only 
on an outermost surface on the light-receiving side. 
[Claim 37] The method according to any one of Claims 15 
to 34, wherein the solar cell module is coated at least 
on a module-by-module basis on the light -receiving side. 
[Claim 38] The method according to any one of Claims 15 
to 37, wherein live portions of the photovoltaic power 
generation system are exposed in part. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] 

The present invention relates to photovoltaic power 
generation systems and methods of controlling such 
photovoltaic power generation systems. More particularly, 
the present invention concerns photovoltaic power generation 
systems that are constructed to prevent an intruder, who 
is attempting to intrude into a restricted area including 
an area in which solar cells are installed, from receiving 
an electric shock, and methods of controlling such 
photovoltaic power generation systems. 
[0002] 
[Prior Art] 

In recent years, awareness of environments is spreading 
across the world. Among others, serious concerns are 
exhaustion of fossil fuels and the like and global warming 
due to C0 2 emissions, so that the desire for clean energy 
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is growing increasingly. Attention is thus being directed 
toward photovoltaic energy, which is clean energy resulting 
from direct conversion of solar energy to electric power, 
and solar cells are quickly spreading in use in various 
consumer-oriented fields. 
[0003] 

In general solar cell modules possess sufficient 
electric insulation and enough safety to prevent an electric 
shock hazard even if a man should touch them. The solar 
cell modules are thus commercially available and are 
beginning to spread, but the solar cell modules involve 
an issue of still high cost, because a lot of coatings and 
insulators need to be used for ensuring the safety. 
Consequently, they are still unsatisfactory for application 
of solar cells high in power generation cost to power plants 
and thus are not used widely. On the other hand, there 
is a danger that an electric shock hazard may occur when 
a person except for a manager intrudes into a hazard controlled 
area in the power plants and the like, and it can extend 
to an accident in the electric power system. For eliminating 
this risk, studies have been made heretofore on various 
intrusion detecting devices and safety devices. 
[0004] 

For example, an intruder detecting device described 
in Japanese Patent Publication No. 63-67718 is an intrusion 
detecting device composed of an outer detector placed around 
facilities, though not a power generation plant, and 
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functioning to detect a passing object, an inner detector 
placed between the outer detector and the facilities and 
around the facilities and functioning to detect a passing 
object, an outer detecting circuit and an inner detecting 
circuit each having a filter for passing only frequencies 
caused by passage of a manager or a person concerned, among 
output of the outer and inner detectors , and a level detector 
for detecting only vibration levels due to a man, and an 
intrusion detecting circuit for counting output of the outer 
or inner detecting circuit and producing an intrusion 
detection signal when a count reaches a predetermined value 
within a given time. 
[0005] 

Conventionally, studies were conducted on methods of 
preventing intrusion of an intruder or on methods of detecting 
an intruder by making use of the monitoring method as described 
above. In the conventional power plants such as thermal 
power plants, atomic power plants, and so on, however, if 
the system is brought once to a halt, a considerable time 
will be required for a restart of the system and thus the 
halt will cause great disadvantage. Therefore, there was 
no conception that the entire power generation system was 
brought to a halt as a safeguard against intruders and, 
simply, an alarm or the like was issued to let guards notice. 
[0006] 

The photovoltaic power generation systems with solar 
cells installed on the roofs of general houses have becoming 
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widespread in these years . 
[0007] 

In such photovoltaic power generation systems, solar 
cell modules are connected in series to obtain a desired 
voltage. This series of solar cell modules is generally 
called a string. Several strings are connected in parallel 
to obtain a desired electric current, thus constructing 
a solar cell array with a power generation scale of desired 
value. This solar cell array is equipped with components 
for control and connection of peripheral equipment, thereby 
composing a photovoltaic power generation system. 
Accordingly, the solar cell array becomes larger with 
increase in the power generation scale required of the 
photovoltaic power generation system, and the number of 
solar cell modules constituting it also increases. 
Therefore, in designing of a photovoltaic power generation 
system, the system is formed by connecting the predetermined 
number of modules or solar cells of a predetermined area 
in series and in parallel so as to realize predetermined 
output voltage and current and a predetermined power 
generation capacity . 
[0008] 

It is feasible to implement power generation with a 
greater capacity, by increasing the number of 
series/parallel solar cell modules. However, as the power 
generation capacity increases, the voltage and current also 
become larger with increase in the number of series/parallel 
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modules. In general the power generation capability of 
solar cells is determined by intensity of sunlight incident 
thereto. Describing it in brief, the photovoltaic power 
generation system operating at a fixed voltage varies its 
operating current with variation in solar radiation to 
determine its output power. 
[0009] 

[Problems to Be Solved] 

However, in the case of the power plants using the 
solar cell modules, since the installation scale was large 
and a large area was necessary, it was difficult to prevent 
the electric shock hazard only by the conventional means 
of simply giving an alarm or the like to let the guards 
note the intrusion of intruder and the number of guards 
was preferably as small as possible from the aspect of cost. 
Therefore, the conventional means had a limit. 
[0010] 

The solar cell modules used in the photovoltaic power 
generation systems are usually designed so as to ensure 
the electrical insulation performance in normal use in the 
initial stage and after installation. It cannot be denied, 
however , that there is a possibility of degradation or failure 
of electrical insulation due to unpredictable causes after 
installation. There can also occur failure of electrical 
insulation, for example, due to breakage of the coating 
over the surface of the solar cell modules, cracks, scars, 
deformation, etc. of surf ace glass , and so on for some reason. 
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No one can deny that there is a risk of an electric shock 
or the like when a man comes to near an exposed portion 
or a defective portion appearing unpredictably and touches 
it . The risk of electric shock is high with failure of 
electrical insulation, particularly, in the case of the 
large power generation scales, because the voltage and 
current also become large with increase in the number of 
series and parallel solar cells, as described previously. 
[0011] 

In addition, the solar cell arrays are often installed 
relatively near the ground with the recent proliferation 
of the photovoltaic power generation systems, and there 
is an increasing possibility that a child or a worker not 
associated with the photovoltaic power generation apparatus 
(photovoltaic power generation system) touches the solar 
cell array. It is thus also becoming important to give 
consideration to prevention of an electric shock. It is 
the present status that the solar cell array is located 
within a secure fence and the solar cell array is not allowed 
to be located at a place which a lot of people go into and 
out of . 
[0012] 

The present invention has been accomplished in order 
to solve the above-stated problems and it is an object of 
the present invention to provide photovoltaic power 
generation systems with high safety and of low cost that 
can prevent an electric shock hazard of an intruder intruding 
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into a restricted area or the like in the photovoltaic power 
generation system and that does not have to be always monitored 
by a manager or a person concerned , and methods of controlling 
such photovoltaic power generation systems, 
[0013] 

Another object of the present invention is to provide 
a method of controlling a photovoltaic power generation 
system with high safety while taking account of the 
installation site and installation method of the solar cell 
modules . 
[0014] 

[Means for Solving the Problems] 

The specific features of the present invention 
accomplished to achieve the objects are as follows. 
[0015] 

That is, a first aspect of the present invention is 
a photovoltaic power generation system using a solar cell 
module, which comprises detecting means capable of detecting 
intrusion of an intruder into a restricted area including 
an area having the solar cell module installed therein, 
in which a predetermined electric shock preventing means 
activated by a signal outputted from the detecting means 
by detection of the intruder is operated to prevent electrical 
shock of the intruder. 
[0016] 

Further, a second aspect of the present invention is 
a photovoltaic power generation system using a solar cell 
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module, which comprises a restricted area including an area 
having the solar cell module installed therein, means for 
preventing intrusion of an intruder into the restricted 
area, and detecting means capable of detecting the intrusion 
of the intruder into the restricted area, in which a 
predetermined electric shock preventing means activated 
by a signal outputted from the detecting means by detection 
of the intruder is operated to prevent electrical shock 
of the intruder. 
[0017] 

With the photovoltaic power generation system and the 
control method thereof according to the first and second 
aspects of the present invention, guards do not have to 
always monitor intruders and upon detection of an intruder 
the guards do not have to instantly go to the place and 
activate a safeguard such as prevention of an electric shock 
or the like . Therefore, the number of guards can be reduced. 

Further, the safety is ensured for the intruders. The 
detecting means issues a signal at the same time as the 
detection of the intruder and the signal activates the 
electric shock preventing means such as means for 
establishing an entire short circuit or an entire open circuit , 
e.g. , for every module or for every safety voltage, or means 
for establishing a short circuit for every string . Therefore , 
the intruder can be prevented from receiving an electric 
shock, without spending a long time from the detection of 
the intruder to activation of the safeguard. 
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[0018] 

In the photovoltaic power generation system according 
to the first and second aspects of the present invention, 
the means for preventing the intrusion of the intruder is 
preferably a stockade, a wall, a fence, or a ditch. This 
keeps the intruder from readily making access to the 
restricted area and thus makes it feasible to prevent an 
electric shock hazard and an accident reaching the electric 
power system. 
[0019] 

It is also preferable that the means for preventing 
the intrusion of the intruder be double means for preventing 
the intrusion. This makes it harder for the intruder to 
readily enter the restricted area than in the case of the 
single means for preventing the intrusion, and makes it 
feasible to better prevent the electric shock hazard and 
the accident reaching the electric power system. 
[0020] 

It is also preferable that the detecting means be 
provided on the inside means for preventing the intrusion 
of the intruder out of the double means for preventing the 
intrusion of the intruder. This can decrease malfunctions 
in detection of intruders, as compared with configurations 
wherein the detecting means is provided on the single means 
for preventing the intrusion or wherein the detecting means 
is provided on the outside means for preventing the intrusion 
out of the double means for preventing the intrusion, and 
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thus the operating rate of the photovoltaic power generation 

system can be increased. 

[0021] 

In the photovoltaic power generation system and the 
control method thereof according to the first and second 
aspects of the present invention, the detecting means is 
preferably either of a proximity sensor, an optical sensor, 
a magnetic sensor, a magnet sensor, a temperature sensor, 
a humidity sensor, an impact sensor, an acceleration sensor, 
a weight sensor, a current sensor, and an electromagnetic 
sensor. When either of these electronic sensors is used, 
the detection accuracy is enhanced and centralized 
monitoring can be performed . Therefore , the number of guards 
can be reduced and, besides, it also becomes easier to ensure 
the safety for intruders. In addition, the guards do not 
have to always monitor the intruders and upon detection 
of an intruder the guards do not have to activate the safeguard 
such as prevention of an electric shock or the like every 
time. Therefore, the period from the detection of intruder 
to the activation of the safeguard can be reduced more whereby 
the intruder can be prevented from receiving an electric 
shock . 
[0022] 

The electric shock preventing means is preferably means 
for bringing the solar cell module or a solar cell string 
consisting of solar cell modules connected in series, into 
a short-circuit state. This enables the system to be shut 
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down immediately without breaking the photovoltaic power 
generation system and further renders the voltage null at 
each part of the series solar cell modules , whereby the 
intruder can be prevented from experiencing a hazard such 
as an electric shock or the like. Besides, it becomes 
feasible to restore the normal operation to the system 
immediately after confirmation of safety. 
[0023] 

It is also preferable that a circuit breaker be provided 
in the electric shock preventing means to disconnect the 
solar cell module or the solar cell string from the 
photovoltaic power generation system to deactivate the 
module or the string. This configuration can prevent the 
intruder from experiencing a hazard such as an electric 
shock or the like, without damaging the photovoltaic power 
generation system and makes it feasible to reset the system 
immediately after conf irmation of safety. 
[0024] 

It is preferable that at least two solar cell strings 
be connected in parallel to constitute a solar cell array. 
[0025] 

The electric shock preventing means preferably has 
a function of releasing an electric shock preventing action. 
[0026] 

As described above, the photovoltaic power generation 
system according to the first and second aspects of the 
present invention are directed toward the system that can 
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itself in order to prevent the intruder from receiving an 
electric shock by the simple method in the power plants 
and others using the solar cell modules . More specifically, 
a power plant itself is provided with means for terminating 
the power generating system itself in order to ensure the 
absolute safety under a condition in which there exists 
no high voltage in the array, for ensuring the safety of 
people . Since the structure with emphasis on maintenance 
is important under such environments as the power plants, 
the safety is also ensured for the intruders and others 
in the system optimized for the structure. 
[0027] 

When the photovoltaic power generation system according 
to the first and second aspects of the present invention 
is applied, particularly, to the power plants , it is necessary 
to lower the cost of the solar cell modules as much as possible . 

A conceivable means for lowering the cost is decrease in 
materials making the solar cell modules. Since the 
photovoltaic power generation system used in the power plant 
can be equipped with some measures for preventing people 
except for operators from entering the interior of the plant , 
as a hazard controlled area, there is a high possibility 
that necessary insulation is not so high, different from 
the conventional solar cell modules, and emphasis is placed 
on maintainability. Therefore, the live portions are 
preferably exposed and a coating material making the solar 
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cell modules is laid only near each cell. It is thus 
contemplated that the cost can be largely curtailed down 
to a minimum and there arises no problem even with some 
degradation of safety, e.g. , exposure of live portions in 
part. Namely, the inventors found that simple coatings 
were enough and effective for the solar cell modules under 
such special environments as the power plants, thus 
accomplishing the invention below. 
[0028] 

In the photovoltaic power generation system according 
to the first and second aspects of the present invention, 
the solar cell module is preferably installed so that a 
photovoltaic element provided in an outermost surface on 
the light -receiving side is exposed directly to the 
atmosphere. This configuration causes no energy loss of 
incident light due to absorption and/or reflection by the 
surface coating or the like, whereby the incident light 
can be efficiently converted to electricity. 
[0029] 

It is also preferable that the solar cell module have 
a coating only on the outermost surface on the light -receiving 
side. This can largely decrease the material cost and even 
if a solar cell is broken it can be readily replaced with 
another . 
[0030] 

It is also preferable that the solar cell module be 
coated at least on a module -by-module basis on the 
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light -receiving side. This can enhance weatherability of 
solar cells . When a solar cell is broken , replacement thereof 
is easy, because only the coating can be peeled off from 
the defective solar cell. Besides, cost for replacement 
can be reduced greatly. 
[0031] 

In the photovoltaic power generation system the live 
portions are preferably exposed in part. This permits a 
manager to readily find a defective module whereby 
workability of inspection can be improved remarkably. 
[0032] 

A third aspect of the present invention is a method 
of controlling a photovoltaic power generation system using 
a solar cell module, which comprises providing detecting 
means capable of detecting intrusion of an intruder into 
a restricted area including an area having the solar cell 
module installed therein, and operating electric shock 
preventing means for preventing electrical shock of the 
intruder in accordance with a signal outputted from the 
detecting means upon detection of the intruder. 
[0033] 

Further, a fourth aspect of the present invention is 
a method of controlling a photovoltaic power generation 
system using a solar cell module, which comprises providing 
a restricted area including an area having the solar cell 
module installed therein, means for preventing intrusion 
of an intruder into the restricted area, and detecting means 



- 22 - 



capable of detecting the intrusion of the intruder into 
the restricted area , and operating electric shock preventing 
means for preventing electrical shock of the intruder in 
accordance with a signal outputted from the detecting means 
upon detection of the intruder. 
[0034] 

In the method of controlling a photovoltaic power 
generation system according to the fourth aspect of the 
present invention, it is preferable that the means for 
preventing the intrusion of the intruder is a stockade, 
a wall, a fence, or a ditch, that the means for preventing 
the intrusion of the intruder is double means for preventing 
the intrusion of the intruder, and that the detecting means 
is mounted on inside means for preventing the intrusion 
of the intruder out of the double means for preventing the 
intrusion of the intruder. 
[0035] 

In the method of controlling a photovoltaic power 
generation system according to the third and fourth aspects 
of the present invention, it is preferable that the detecting 
means is either of a proximity sensor, an optical sensor, 
a magnetic sensor, a magnet sensor, a temperature sensor, 
a humidity sensor, an impact sensor, an acceleration sensor, 
a weight sensor, a current sensor, and an electromagnetic 
sensor, that the electric shock preventing means is means 
for shorting the solar cell module or a solar cell string 
consisting of the solar cell modules connected in series, 



- 23 - 



that the electric shock preventing means comprises a circuit 
breaker and the circuit breaker disconnects the solar cell 
module or the solar cell string from the photovoltaic power 
generation system to deactivate the module or the string, 
that the solar cell string is at least two solar cell strings 
connected in parallel to each other to form a solar cell 
array, that the electric shock preventing means has a function 
of releasing the electric shock preventing means, the solar 
cell module is installed so that a photovoltaic element 
provided in an outermost surface on the light -receiving 
side is exposed directly to the atmosphere, that the solar 
cell module has a coating only on an outermost surface on 
the light -receiving side, that the solar cell module is 
coated at least on a module-by-module basis on the 
light -receiving side, and that live portions of the 
photovoltaic power generation system are exposed in part . 
[0036] 

With the method of controlling a photovoltaic power 
generation system according to the third and fourth aspects 
of the present invention, the same function and effect as 
that of the photovoltaic power generation system according 
to the first and second aspects of the present invention 
can be exhibited. 
[0037] 

Further, a fifth aspect of the present invention is 
a method of controlling a photovoltaic power generation 
system having a solar cell array comprised of a plurality 
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of solar cell strings connected in parallel, each solar 
cell string being comprised of a plurality of solar cell 
modules connected in series , the method comprising detecting 
an output signal from one or more sensors disposed around 
the solar cell array, and controlling a switch for 
establishing a short circuit between output terminals of 
the solar cell array in accordance with the output signal. 
[0038] 

In the method of controlling a photovoltaic power 
generation system according to the fifth aspect of the present 
invention, it is preferable that when the output signal 
of the sensor is not more than a predetermined value, the 
short circuit between the output terminals of the solar 
cell array is established, that an alarm is issued before 
the short circuit between the output terminals of the solar 
cell array is established, that when the output signal of 
the sensor is not more than a predetermined value, an alarm 
is issued and thereafter the short circuit between the output 
terminals of the solar cell array is established after a 
lapse of a predetermined time, and that the short circuit 
between the output terminals of the solar cell array is 
retained before a release operation is carried out. 
[0039] 

A sixth aspect of the present invention is a method 
of controlling a photovoltaic power generation system having 
a solar cell array comprised of a plurality of solar cell 
strings connected in parallel, each solar cell string being 
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comprised of a plurality of solar cell modules connected 
in series, the method comprising detecting an output signal 
from a plurality of sensors disposed around each of the 
solar cell strings , and controlling a switch for establishing 
a short circuit between output terminals of each of the 
solar cell strings in accordance with the output signal. 
[0040] 

In the method of controlling a photovoltaic power 
generation system according to the sixth aspect of the present 
invention, it is preferable that when the output signal 
from sensors for each string of the solar cell array is 
not more than a predetermined value , the short circuit between 
output terminals of said each string is established, that 
an alarm is issued before the short circuit between output 
terminals of each string of the solar cell array is established , 
that when the output signal from sensors for each string 
of the solar cell array is not more than a predetermined 
value, an alarm is issued and thereafter the short circuit 
between output terminals of said each string is established, 
after a lapse of a predetermined time , and that a short-circuit 
state between output terminals of each string of the solar 
cell array is retained before a release operation is carried 
out . 
[0041] 

In the method of controlling a photovoltaic power 
generation system according to the fifth and sixth aspects 
of the present invention, it is preferable that the solar 
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cell module is installed so that a photovoltaic element 
provided in an outermost surface on the light -receiving 
side is exposed directly to the atmosphere, that the solar 
cell module has a coating only on an outermost surface on 
the light -receiving side, that the solar cell module is 
coated at least on a module-by-module basis on the 
light -receiving side, and that live portions of the 
photovoltaic power generation system are exposed in part. - 
[0042] 

With the method of controlling a photovoltaic power 
generation system according to the fifth and sixth aspects 
of the present invention , when output signals from the sensors 
laid around the solar cell array are detected and when it 
is determined that a sign of man is detected in a local 
part of the array from the signals, the switch between 
terminals of the array or a string are controlled to short 
the array or the string, whereby it is possible to prevent 
a shock hazard when a man touches an insufficient insulation 
portion such as portions of breakage of a surface coating 
or a crack, a scratch, deformation, or the like of a surface 
glass sheet in the solar cell module. 
[0043] 

Incidentally, although the means for short-circuiting 
the solar cell array or solar cell string used in the present 
invention is described in Japanese Patent Application 
Laid-Open No. 7-177652, the present invention is different 
therefrom in the following points. 
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[0044] 

That is, the photovoltaic power generation system and 
the method of protecting the power generation system, 
described in Japanese Patent Application Laid-Open No. 
7-177652 , are configured to have a first switch for effecting 
connection or disconnection between positive and negative 
power terminals of a solar cell string and output lines 
connected in parallel thereto and outputting power, a second 
switch for establishing a short circuit or an open circuit 
between the power output terminals, and a controller for 
comparing a voltage value between detection terminals at 
a predetermined position of the solar cell string, with 
a predetermined value and controlling switching of the first 
switch and the second switch, based on the comparison signal . 
In the photovoltaic power generation system and the method 
of protecting the photovoltaic power generation system, 
the solar cell string is judged abnormal when the voltage 
value between the detection terminals thereof becomes not 
more than the predetermined value , the power output terminals 
of this solar cell string are then disconnected from the 
output lines, and a short circuit is established between 
the power output terminals, thereby promptly isolating and 
deactivating the defective solar cell string from the 
photovoltaic power generation system. However, the 
photovoltaic power generation system and the protection 
method of the photovoltaic power generation system described 
in No. 7-177652 are not directed to safeguard against 
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intruders but directed to disconnection of the solar cell 
string upon occurrence of disadvantage. Even if the system 
is used as such for safeguard, because safeguard such as 
disconnection of the power output terminals of the solar 
cell string from the output lines is taken after detection 
of the abnormality of the solar cell string, it does not 
function as safeguard against intruders. 
[0045] 

[ Embodiment s ] 

The embodiments of the present invention will be 
described hereinafter with reference to the drawings. 
[0046] 

[ Embodiment 1 ] 

The present embodiment is an embodiment of a 
photovoltaic power generation system according to the 
present invention . 
[0047] 

Fig. 1 is a layout drawing showing a photovoltaic power 
generation system 101 of the present invention, which has 
a restricted area 103 including an area 102 where solar 
cell modules are installed, a means 104 for preventing an 
intruder from intruding into the restricted area 103, 
intruder detecting means 105 mounted on the means 104 for 
preventing the intrusion of intruder, and a building 106 
in which devices necessary for the photovoltaic power 
generation system 101 are located. 
[0048] 



- 29 - 



Located inside the building 106 are a junction box 
for connecting solar cell strings in parallel, an inverter 
for converting a dc power generated by the solar cell modules , 
to an AC power, and an electric shock preventing means which 
is activated by a signal output ted when the intruder detecting 
means 105 detects an intruder. This photovoltaic power 
generation system is constructed so that either of the 
intruder detectors 105 mounted on the fence (the means 104 
for preventing the intrusion of intruder) detects an intruder 
and, at the same time as the detection of intruder, the 
electric shock preventer is activated by a signal outputted 
from the detector 105, thereby preventing the intruder from 
receiving an electric shock. 
[0049] 

Each of the components will be described below. 
[0050] 

(Photovoltaic power generation system) 

The photovoltaic power generation system is constructed 
of the solar cell modules connected in series to obtain 
a desired voltage. This series of solar cell modules is 
generally called a string. Several strings are connected 
in parallel to constitute a solar cell array with a power 
generation scale of a desired value. The solar cell array 
is further provided with each of additional components, 
e.g., such as a power converting unit or the like for control , 
protection, and connection of peripheral equipment, thus 
constituting the photovoltaic power generation system. 
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For example, each solar cell module is mounted on a frame 
placed at an optimal slope to incident light, and electrical 
conduction between solar cell modules and solar cells is 
established by connecting them by use of metal foil such 
as copper foil or the like and by solder or the like. The 
metal foil is preferably bonded to a back reinforcement 
or the frame of the solar cell modules with double- sided 
adhesive tape or the like so as to resist disconnection. 
[0051] 

(Restricted area) 

The term "restricted area" herein employed refers to 
a site where mechanical appliances, bus -bars, etc. of a 
high voltage or an extra high voltage are laid outdoors, 
including the area where the solar cells are located. It 
is also preferable to provide the means for preventing the 
intrusion of intruder, such as a stockade, a wall, or the 
like, so as to prevent people except for a person in charge 
from entering the interior of the restricted area. It is 
also desirable to display a keep-out sign at the 
exit/entrance . 
[0052] 

(Solar cells) 

There are no specific restrictions on the solar cells, 
and the solar cells can be selected, for example, from those 
using semiconductor materials such as monocrystalline , 
polycrystalline, compound, thin-film, amorphous, and other 
semiconductor materials . The amorphous semiconductor solar 
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cells are, for example, those having a layer structure in 
which a back electrode layer, a transparent, conductive 
layer, an n-type semiconductor layer, an intrinsic 
semiconductor layer, a p-type semiconductor layer, and a 
transparent electrode layer are stacked in order on a 
substrate of a conductive material or an insulating material , 
and a collector electrode of such a branch pattern as not 
to intercept incident light is formed on the uppermost, 
transparent electrode layer which is a light entrance surface . 

It is, however, noted that the solar cells do not have 
to be limited, particularly, to this structure. 
[0053] 

(Solar cell modules) 

As forms of the solar cell modules there are modules 
using crystalline cells , thin-f ilm cells , or polycrystalline 
cells, but there are no specific restrictions thereon. 
However, the solar cell modules suitably applicable to the 
power plants are desirably those having a simple coating 
structure in which live portions are exposed; for example, 
the solar cell modules of easy maintenance with necessary 
minimum weatherability in which coatings are provided only 
on light -receiving surfaces of photovoltaic elements 
directly formed on a metal substrate such as 
weather-resistant SUS or the like and in which the cells 
are bonded directly to a frame or the like. 
[0054] 
(Coatings ) 
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The coatings are used for the purpose of enhancing 
the weatherability of the solar cell modules, e.g., 
protecting the solar cell modules from external contaminants , 
preventing the modules from being scratched from outside, 
and so on. Accordingly, the coatings need to satisfy 
requirements of transparency, weatherability, and 
contamination resistance. Suitably applicable materials 
meeting such requirements are fluororesin, acrylic resin, 
urethane resin, silicone resin, glass, and so on. Easy 
coating methods of laying such materials on the 
light -receiving surfaces include a laminating method of 
coating film, a laying method by coating, a bonding method 
with adhesive, and so on. The coatings are provided only 
on the front surfaces in some cases or are also provided 
on the back surfaces in some other cases, depending upon 
purposes of use. In application to the power plants, there 
are cases where the coatings are provided only near the 
solar cells, e.g., for the purpose of cost reduction. A 
particularly suitable material is a polyethylene protective 
sheet using a polyethylene film as a base material of an 
adhesive film capable of being bonded to the photovoltaic 
elements and using an acrylic adhesive as the adhesive, 
because it is inexpensive and excellent in weatherability. 
[0055] 

(Detecting means) 

The term "detecting means" herein employed refers to 
means having a sensor or the like capable of detecting a 
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man, an animal, or the like and having a function of issuing 
a signal indicating the intrusion, to the electric shock 
preventer. There are no specific restrictions on the 
detecting means , but suitable detecting means can be selected , 
for example, from electronic sensors such as proximity 
sensors, optical sensors, magnetic sensors, magnet sensors, 
temperature sensors, humidity sensors, impact sensors, 
acceleration sensors, weight sensors, current sensors, 
electromagnetic sensors, and so on. 
[0056] 

(Junction box) 

The junction box functions to connect power outputs 
from the strings and often incorporates a string 
disconnecting means capable of disconnecting the strings 
separately from each other, a power collecting means for 
collecting powers generated by the strings , a reverse current 
preventing means for preventing a reverse current between 
strings , a dc shutting means for shutting off a direct current 
collected, and a maintenance/inspection means capable of 
measuring an open-circuit voltage and an insulation 
resistance of the solar cell array. For example, the means 
for connecting the output powers from the strings can be 
a string disconnector and a branch disconnector, the string 
disconnecting means capable of disconnecting the strings 
separately from each other can be the collector electrode 
of copper sheet, the reverse current preventing means for 
preventing the reverse current between strings can be a 
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reverse current preventing diode, the dc shutting means 
for shutting off the direct current collected can be a dc 
breaker, and the maintenance/inspection means capable of 
measuring the open-circuit voltage and insulation resistance 
of the solar cell array can be measurement terminals or 
the like, e.g. , portions of solar cell electric paths, such 
as the positive and negative terminals of breaker, the copper 
sheet, the earth terminal, and so on. 
[0057] 

(Electric shock preventing means) 

The term "electric shock preventing means" herein 
employed refers to means for bringing the photovoltaic power 
generation system itself to a halt for safety of a man. 
For example, the electric shock preventing means can be 
either of a shorting switch for shorting a solar cell, an 
opening switch for establishing an open circuit of a solar 
cell, a switch for shorting a solar cell string, etc. , which 
is activated by a signal outputted when a sensor for detecting 
a man, disposed near the solar cell modules, detects a man 
or the like. Especially, the means for shorting a solar 
cell is desirable, because there is no risk of electric 
shock when a man touches any live portion of the shorted 
solar cell module. On the other hand, in the case of the 
open circuits being established for the respective solar 
cell strings, where an opening switch is provided for every 
solar cell string, a high voltage can be placed at live 
portions, so as to raise the risk of electric shock, which 
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is, therefore, not preferable, A specific configuration 
example is one in which the intruder detecting sensors are 
located in the vicinity of the solar cell modules placed 
in the restricted area, the solar cell shorting switch is 
activated by a signal outputted when the intruder detecting 
sensor detects an intruder, and the intruder could be 
prevented from receiving an electric shock even if the 
intruder should touch a part of the photovoltaic power 
generation system . 
[0058] 

(Shorting means) 

The shorting means represents a means for establishing 
a short circuit by connecting the positive and negative 
electrodes of the photovoltaic power generation circuit 
with a conductor wire. Although there are no specific 
restrictions on the shorting means, it can be selected, 
for example, from a method of switching with a semiconductor 
device such as a transistor, IGBT, GTO, MOSFET, a thyristor, 
or the like, a method of mechanical switching with a magnet 
conductor, a relay, or the like, and so on. 
[0059] 

(Opening means) 

The opening means represents a means for establishing 
an open circuit by disconnection between the positive and 
negative electrodes of the photovoltaic power generation 
circuit. Although there are no specific restrictions on 
the opening means, it can be selected, for example, from 
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a method of switching with a semiconductor device such as 
a transistor, IGBT , GTO, MOSFET, a thyristor, or the like, 
a method of mechanical switching with a magnet conductor, 
a relay, or the like, and so on. 
[0060] 

[ Embodiment 2 ] 

The present embodiment is an embodiment of a control 
method of photovoltaic power generation apparatus 
(photovoltaic power generation system) according to the 
present invention . 
[0061] 

Fig. 14 is a block diagram of a photovoltaic power 
generation apparatus (photovoltaic power generation system) 
according to the present embodiment and Fig. 15 a block 
diagram of a roof configuration on which the photovoltaic 
power generation system is installed. 
[0062] 

In the photovoltaic power generation system according 
to the present embodiment, each solar cell string (11a to 
11c) is composed of sixteen solar cell modules connected 
in series, and a solar cell array 11 is composed of three 
solar cell strings connected in parallel and is laid on 
a roof 21 of a building. 
[0063] 

The positive terminal and negative terminal of each 
solar cell string (11a to 11c) are guided to a switch 13 
for photovoltaic power generation system and a reverse 



current preventing diode 14 is provided in positive wires. 
These solar cell strings are connected in parallel and 
wires thereof are guided to a main switch 15 and an array 
shorting switch 16. A solar inverter 17 is connected to 
a commercial AC system 18 of a house switchboard. The solar 
cells in the present embodiment may be of the crystalline 
type or the amorphous type (including the microcrystalline 
type ) . 
[0064] 

In the present embodiment there are six sign-of-man 
sensors 12 (12a to 12f ) located around the solar cell array 
11 . These sign-of-man sensors are constructed by connecting 
positive and negative terminals of solar cells (31a to 31n) 
directly or through connector 32, as shown in Fig. 16. 
Shunt resistors R (Rl to R6) are connected to the positive 
and negative terminals of a plurality of series cells. 
Then, the voltage at the both ends of the shunt resistor 
R is detected as a signal. Incidentally, the solar cells 
being the sign-of-man sensors in the present embodiment 
can be either of silicon solar cells of the crystalline 
type or the amorphous type (including the microcrystalline 
type) . Further, the sensors are not limited, particularly, 
to the solar cells, but can be any sensors that can detect 
an access of a man to the solar cell array and that can 
output a signal. 
[0065] 

The control method of the photovoltaic power generation 
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apparatus (photovoltaic power generation system) in the 
present embodiment will be described referring to Fig. 17. 

The switch 13 for power generation system, the reverse 
current preventing diode 14, and the main switch 15 are 
built in the junction box 45. 
[0066] 

As the current detecting means of sign-of -man sensors, 
voltages at the both ends of Rl to R6 are supplied as CI 
to C6 , respectively, through the shunt resistors Rl to R6 
to an analog/digital converter 41, thereby measuring signals 
of the sensors. The system is configured then to perform 
measurement and calculation of current signals of the 
sign-of -man sensors, compare signal values of the respective 
sensors, and judge that a man comes to near the array if 
either signal value has a deviation of not less than a 
predetermined value. 
[0067] 

A switch control unit 44 for controlling the switch 
16 of the solar cell array is constructed to energize a 
photocoupler of the switch control unit 44 through a digital 
output 43 from a personal computer 42, perform switching 
of on/off of an external dc power supply, and control supply 
and stop of voltage for switching to the switch 16 of a 
dc electromagnetic contactor. Then, the switching state 
of the switch 16 is retained before a release operation 
is carried out. The above release operation can be done 
manually or automatically. 
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[0068] 

[ Embodiment 3 ] 

The present embodiment is another embodiment of the 
control method of the photovoltaic power generation 
apparatus (photovoltaic power generation system) according 
to the present invention. In the present embodiment the 
components substantially identical to those in Embodiment 
2 will be denoted by the same reference symbols and detailed 
description thereof will be omitted. 
[0069] 

In the photovoltaic power generation system of the 
present embodiment, the number of the sensors (12a to 12n) 
is increased and they are not laid only around the solar 
cell array, but also laid around the string units, as shown 
in Fig. 19 to Fig. 21, based on the structure of the 
photovoltaic power generation system of the second 
embodiment. Then, the short-circuit condition, described 
in Embodiment 2, is modified herein so that a short circuit 
is established for only a string for which a human shadow 
has been detected, and this configuration also exhibits 
the specific effect that an extra power supply or energy 
is not necessary for operating the sensors, unlike the 
condition that a short circuit is established for the array 
of the photovoltaic power generation system as in Embodiment 
2 . In the present embodiment , therefore , the strings without 
access of a man can continue generating power without waste. 
[0070] 
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In the photovoltaic power generation system of the 
present embodiment, the sensors (12a to 12n) are arranged 
around the solar cell strings as shown in Fig. 20 and Fig. 
21, based on Fig. 19, as against the photovoltaic power 
generation system of Embodiment 2. The sensors are 
constructed as shown in Fig. 16 of the second embodiment. 
Voltages CI to C14 at the both ends of the shunt resistors 
of Rl to R14 are inputted into the analog/digital converter 
41 to determine the signals of the sensors. The system 
is arranged then to perform the measurement and calculation 
of current signals of the sensors, compare the signal values 
of the respective sensors, and judge that a person comes 
to near the array if there is a deviation of not less than 
a predetermined value. 
[0071] 

The switch control unit 44 for controlling a string 
shorting switch 61 of dc electromagnetic contactor is 
configured to energize a photocoupler of the switch control 
unit 44 for an objective string through the digital output 
43 from the personal computer 42, perform switching of the 
external dc power supply, supply a voltage to the string 
shorting switch 61, short the switch 61, and short a string 
that a man has approached. Then, the switching state of 
the string shorting switch 61 is retained before a release 
operation is carried out. The above release operation can 
be done manually or automatically. 
[0072] 
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The present invention will be detailed hereinafter 
with examples thereof , but it should be noted that the present 
invention is by no means intended to be limited to these 
examples . 
[0073] 
( Example 1 ) 

The present example is an example of a photovoltaic 
power generation system in which the detecting means detects 
presence of an intruder intruding into a restricted area 
including the solar cell installation area surrounded by 
a wall and in which, at the same time as it, the electric 
shock preventing means is activated to prevent the intruder 
from receiving an electric shock. 
[0074] 

Fig. 2 shows the photovoltaic power generation system 
of the present example and is a layout drawing of the 
photovoltaic power generation system 206 consisting of the 
restricted area 202 including the solar cell installation 
area 201, a wall 203 for preventing intrusion of an intruder, 
which surrounds the periphery of the restricted area 202, 
a door 204 for access to the restricted area, formed in 
part of the wall 203 , and a building 205 incorporating devices 
necessary for the photovoltaic power generation system. 

Inside the building 205 there are provided the junction 
box for connecting the solar cell strings in parallel, the 
inverter for converting a dc power, generated by the solar 
cells, to an AC power, and so on. 
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[0075] 

Fig. 3 is a circuit diagram of the photovoltaic power 
generation system of the present example. In the present 
example, provided inside the building 205 are the junction 
box 208 for connecting the solar cell strings 207 in parallel, 
the inverter 210 for converting the dc power generated by 
the solar cell array , to the AC power , and so on . An interlock 
mechanism is used as means for preventing an intruder from 
receiving an electric shock. When an intruder opens the 
door 204 communicating with the interior of the restricted 
area 202, a signal from a sensor 211 mounted on the door 
204 activates relay switches 209 provided for the respective 
solar cell strings 207 for shorting the solar cell strings 
207. This structure prevents the intruder from receiving 
an electric shock even if the intruder touches the live 
portion of the photovoltaic power generation system. This 
allows the detection of the intruder intruding into the 
restricted area being a hazard controlled area and also 
allows the prevention of the electric shock on the intruder 
at the same time. This structure obviates the need for 
the manager or the person concerned to always monitor the 
system and permits reduction in the number of guards , thereby 
reducing the cost. In addition, the system can be quickly 
returned to the normal operation after confirmation of 
safety. 
[0076] 

Fig. 4(a) is a block diagram of solar cell modules 
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301 used in the photovoltaic power generation system of 
the present example. Fig. 4(b) a circuit diagram showing 
a state of normal power generation in the photovoltaic power 
generation system of the present example, and Fig. 4(c) 
a circuit diagram showing a state in which the sensor mounted 
on the door detects an intruder and in which the relay for 
shorting the solar cell string is activated in order to 
prevent the intruder from receiving an electric shock upon 
the detection. Fig. 5 is a cross-sectional view along 5-5 
in Fig. 4(a) . 
[0077] 

The solar cell modules 301 used in the present example 
are of a structure consisting of a rear surface reinforcing 
plate 303, an insulating sheet 305, amorphous silicon solar 
cells 302, interconnectors 306, and adhesive protecting 
films 304 stacked in order. The adhesive protecting film 
304 is laid in the range from the surface of each amorphous 
silicon solar cell 302 to the surface of the rear surface 
reinforcing plate 303, so as to secure the amorphous silicon 
solar cell 302 and insulating sheet 305 to the rear surface 
reinforcing plate 303. 
[0078] 

The solar cell modules 301 constituting the solar cell 
strings are constructed in the structure in which only the 
amorphous silicon solar cells 302 are covered one by one 
with the coating (adhesive protecting film 304) and in which 
the interconnectors 306 between the cells are exposed in 
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part as live portions. Silicone sealants 307 are provided 
on tab wire portions, into which water can intrude, at ends 
of the coatings, thereby composing a structure of enhancing 
waterproof . 
[0079] 

In the photovoltaic power generation system of the 
present example, when an intruder is detected, the 
predetermined photovoltaic strings are shorted by the relay 
switches 209 provided for the respective solar cell strings 
and activated by the signal from the sensor. This results 
in providing no portion with a high voltage in each part 
of the solar cell strings and eliminates the possibility 
of electric shock on the intruder even if the intruder should 
touch the live portions. In addition, it is feasible to 
restore the normal operation to the photovoltaic power 
generation system immediately by returning the relay 
switches 209 to the original state by the manager after 
confirmation of safety and to reduce power generation loss 
to a minimum. 
[0080] 

By making use of the extra environment condition that 
the solar cells are located in the restricted area in this 
way, the materials making the solar cell modules can be 
minimized whereby the cost can be reduced remarkably. If 
a solar cell module is broken, it can be readily replaced 
with another module . 
[0081] 
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(Example 2) 

The present example is an example of a photovoltaic 
power generation system in which when an intruder intrudes 
into the restricted area including the solar cell 
installation area surrounded by double fences, a plurality 
of vibration sensors located on the inside fences the double 
fences detect the existence of the intruder and in which, 
at the same time as it, the relay switch for shorting solar 
cells is activated to prevent the intruder from receiving 
an electric shock. 
[0082] 

Fig. 6 shows the photovoltaic power generation system 
of the present example and is a layout drawing of the 
photovoltaic power generation system 506 consisting of the 
solar cell installation area 501, the restricted area 502 
including the solar cell installation area 501, the double 
fences (503a, 503b) for preventing an intruder from intruding 
into the restricted area 502, the vibration sensors 504 
placed on the inside fences 503b of the double fences, and 
the building 505 incorporating the junction box, the inverter, 
etc. necessary for the photovoltaic power generation system. 

Fig. 7 is a circuit diagram of the photovoltaic power 
generation system of the present example. 
[0083] 

The control circuit of the photovoltaic power 
generation system 506 of the present example is composed 
of a plurality of vibration sensors 504 mounted on the inside 
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fences 503b and detecting an intruder, relay switches 509 
activated by a signal outputted when the vibration sensor 
504 detects an intruder, the Junction box 510 for connecting 
the solar cell strings 508, each consisting of series solar 
cell modules 507, in parallel, and the inverter 511 for 
converting the dc power generated by the solar cells, to 
the AC power. 
[0084] 

Since the solar cell modules used in the present example 
are of the structure similar to that of those used in Example 
1, the description thereof is omitted herein. 
[0085] 

The provision of the double fences as in the present 
example makes it difficult for an intruder attempting to 
intrude, to intrude into the restricted area being a hazard 
controlled area, and the provision of the vibration sensors 
504 on the inside fences 503b of the double fences makes 
it feasible to decrease malfunctions upon detection of 
intruder. Further, since the relay switches 509 short the 
solar cell modules 507 at the same time as the detection 
of the intruder by the vibration sensor, the intruder can 
be prevented from receiving an electric shock. Since the 
relay switches 509 are provided for the respective solar 
cell modules, it is also possible to short only the solar 
cell modules near the vibration sensor detecting the intruder . 

Besides, the manager or the person concerned does not have 
to always monitor the system and the number of guards can 
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be reduced, thereby permitting reduction of cost. It is 

also feasible to restore the normal operation to the system 

quickly by returning the relay switches shorting the solar 

cell modules, to the original state after confirmation of 

safety. 

[0086] 

(Example 3) 

The present example is an example of a photovoltaic 
power generation system in which a plurality of infrared 
sensors disposed along the periphery detect the presence 
of an intruder attempting to intrude into the restricted 
area including the solar cell installation area surrounded 
by a fence and a ditch filled with water and in which switches 
for establishing open circuits of the solar cells are 
activated in synchronism therewith whereby the intruder 
is prevented from receiving an electric shock. 
[0087] 

Fig. 6 shows the photovoltaic power generation system 
of the present example and is a layout diagram of the 
photovoltaic power generation system 606 consisting of the 
solar cell installation area 601, the restricted area 602 
including the solar cell installation area 601, the fence 
603 and the ditch 604 filled with water for preventing a 
person except for the manager from intruding into the 
restricted area 602, and the building 605 incorporating 
the equipment and facilities such as the inverter, the 
Junction box, etc. necessary for the photovoltaic power 
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generation system. 
[0088] 

In the photovoltaic power generation system of the 
present example, an infrared sensor for detecting intrusion 
of an intruder into the restricted area is provided for 
each post of the fence 603, and the system is constructed 
in structure in which once either infrared sensor detects 
an intruder, it issues a signal and, at the same time as 
it , the solar cell opening switches provided for the 
respective solar cells operate in synchronism therewith 
to prevent the intruder from receiving an electric shock. 

Since the ditch 604 is filled with water, it can prevent 
the intrusion of intruder into the restricted area being 
a hazard controlled area and also prevent growing of trees 
and plants which can make a shadow possibly affecting the 
power generation of the photovoltaic power generation system. 

Further, the infrared sensors can detect the intrusion 
of intruder day and night and the switches for establishing 
open circuits of the solar cells operate at the same time 
as the detection of intruder by the infrared sensors , whereby 
the intruder can be prevented from receiving an electric 
shock. The manager or the person concerned does not have 
to always monitor the system and the number of guards can 
be reduced, thereby permitting reduction of cost. It is 
also possible to return the system to the normal operation 
quickly after confirmation of safety. 
[0089] 
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Fig. 9(a) is a block diagram of the solar cell modules 
701 used in the photovoltaic power generation system of 
the present example. Fig. 9(b) a circuit diagram showing 
a state of normal power generation in the photovoltaic power 
generation system of the present example, and Fig. 9(c) 
a circuit diagram showing a state in which when a proximity 
sensor detects an intruder, the relays for shorting the 
solar cells are activated in order to prevent the intruder 
from receiving an electric shock. 
[0090] 

Each of the solar cell modules 701 used in the 
photovoltaic power generation system of the present example 
is composed of solar cells 702, a back reinforcement 703, 
relay switches 704, coatings 705, and silicone sealants 
706. 
[0091] 

In the photovoltaic power generation system of the 
present example, when detecting an intruder, the proximity 
sensor emits a signal 707 to activate the relay switches 
704 disposed between the solar cells and establish short 
circuits of the solar cells, thereby preventing the intruder 
from receiving an electric shock. The solar cells 702 are 
covered one by one with the coating 705 and the live portions 
between the solar cell modules are exposed in part . The 
silicone sealants 706 are provided on the tab wire portions, 
into which water can intrude, at ends of the coatings 705, 
thereby constituting the structure of enhancing waterproof . 
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This makes it feasible to readily detect a defective solar 
cell by making use of the exposed parts of the live portions . 
[0092] 

The control method of the photovoltaic power generation 
system of the present example eliminates the possibility 
of an electric shock on the intruder even if the intruder 
should touch the live portions, and can also restore the 
normal operation to the photovoltaic power generation system 
immediately by returning the relays to the original state 
after confirmation of safety, thereby controlling the power 
generation loss to a minimum. 
[0093] 
( Example 4 ) 

The present example is an example of a photovoltaic 
power generation system which is provided with proximity 
sensors placed in the solar cell installation area in the 
system and relay switches for shorting solar cells at both 
ends of each series of solar cells within a safety voltage 
and which is arranged to detect an intruder by the proximity 
sensors and activate the relay switches in synchronism with 
the proximity sensors whereby the intruder is prevented 
from receiving an electric shock. 
[0094] 

Fig. 10 shows the photovoltaic power generation system 
of the present example and is a layout diagram of the 
photovoltaic power generation system 804 consisting of the 
solar cell installation area 801, the restricted area 802 
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including the solar cell installation area 801, and the 
building 803 incorporating the equipment and facilities 
such as the inverter, the junction box, etc. necessary for 
the photovoltaic power generation system. 
[0095] 

The control circuit of the photovoltaic power 
generation system of the present example is composed of 
the relay switches for shorting the solar cell strings, 
the proximity sensors, the junction box for connecting the 
solar cell strings in parallel, and the inverter for 
converting the dc power generated by the solar cell array, 
to the AC power. 
[0096] 

The photovoltaic power generation system of the present 
example is constructed in such structure that when the 
proximity sensor detects an intruder, the relay switches 
for establishing short circuits of the solar cells, disposed 
in the solar cell modules, are activated by a signal emitted 
from the proximity sensor to bring the solar cells into 
a short-circuit state whereby the intruder is prevented 
from receiving an electric shock. 
[0097] 

Fig. 11(a) is a block diagram of the solar cell module 
901 used in the photovoltaic power generation system of 
the present example. Fig. 11(b) a circuit diagram showing 
a state of the normal power generation in the photovoltaic 
power generation system of the present example, and Fig. 
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11(c) a circuit diagram showing a state in which when the 
proximity sensor detects an intruder , the relays for shorting 
the solar cell strings are activated in order to prevent 
the intruder from receiving an electric shock. 
[0098] 

Each of the solar cell modules 901 used in the 
photovoltaic power generation system of the present example 
consists of solar cells 902, a back reinforcement 903, relay 
switches 904, coatings 905, and silicone sealants 906. 
[0099] 

In the photovoltaic power generation system of the 
present example, when detecting an intruder, the proximity 
sensor issues a signal to activate the relay switches 904 
provided at both ends of each series of three solar cells 
902 to short the solar cells 902 whereby the intruder is 
prevented from receiving an electric shock. The solar cells 
are covered one by one with the coating 905 and the live 
portions between the solar cell modules are exposed in part . 

Since water can intrude into the ends of the coatings, 
the tab wire portions thereof are sealed with the silicone 
sealants 906, thereby forming the structure of enhancing 
waterproof. This makes it feasible to readily detect a 
defective solar cell by making use of the exposed parts 
of the live portions. Even if an intruder should touch 
the live portions there would be no possibility of an electric 
shock. Besides, it is also feasible to restore the normal 
operation to the photovoltaic power generation system 
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immediately by returning the relays to the original state 
after confirmation of safety, and thereby control the power 
generation loss to a minimum. 
[0100] 
(Example 5) 

The present example is an example in which the intruder 
is detected by the proximity sensors provided for the 
respective solar cell modules in the solar cell installation 
area in the photovoltaic power generation system, solar 
cell opening switches, and blocking diodes to prevent the 
intruder from receiving an electric shock. 
[0101] 

Fig. 12 is a circuit diagram of the photovoltaic power 
generation system of the present example and is a circuit 
diagram of the photovoltaic power generation system 1001 
consisting of the solar cell modules 1002, the solar cell 
opening switches 1003, the proximity sensors 1004, the 
blocking diodes 1005, the junction box 1006 for connecting 
the solar cell modules 1002 in parallel, and the inverter 
1007 for converting the dc power generated by the solar 
cell array, to the AC power. 
[0102] 

In the photovoltaic power generation system of the 
present example, when detecting an intruder, the proximity 
sensor 1004 emits signals 1008 to activate the solar cell 
opening switches 1003 provided for each solar cell module 
1002 to bring the solar cell module 1002 into an open-circuit 
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state whereby the intruder is prevented from receiving an 
electric shock. On that occasion, since the blocking diode 
1005 is provided for each of the solar cell modules 1002, 
electricity generated by the other solar cell modules 1002 
connected in parallel is prevented from flowing backward 
into the solar cell module 1002 brought into the open-circuit 
state. This eliminates the risk to the human body due to 
an electric shock even if the intruder should touch the 
live portions of the solar cell module. Further, since 
only the solar cell module proximate to the intruder is 
brought into the open-circuit state, the power generation 
loss can be minimum. 
[0103] 

Fig. 13 is a view showing the solar cell module used 
in the photovoltaic power generation system of the present 
example. The solar cell module 1101 is of a layer structure 
consisting of a back reinforcement 1102, insulating sheets 
1103 placed on the back surfaces of the solar cells 1104, 
the solar cells 1104, and front coatings 1105. The 
electricity generated by the solar cells 1104 is extracted 
through lead wires 1106 and the lead wires 1106 are exposed 
in part without the front coatings 1105 to leave the live 
portions in an exposed state. 
[0104] 

In the present example, the back reinforcement 1102 
is a steel sheet, the insulating sheets 1103 PET sheets, 
the solar cells 1104 amorphous silicon solar cells, the 
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front coatings 1105 polyethylene protective sheets, and 

the lead wires 110176 copper films. 

[0105] 

Use of the solar cell modules as in the present example 
enables to construct the photovoltaic power generation 
system at minimum material cost without affecting the power 
generation function . 
[0106] 
( Example 6 ) 

The present example is an example of a control method 
of the photovoltaic power generation apparatus ( photovoltaic 
power generation system) of the present invention shown 
in Fig. 14 to Fig. 17 as described in Embodiment 2. 
[0107] 

In the photovoltaic power generation system of the 
present example, the solar cell array is constructed in 
the 16 series x 3 parallel structure of Canon layered amorphous 
solar cell modules (Canon modules, trade name SR-02) and 
is laid on the roof 21 of the building. Namely, the total 
number of solar cells is 48, the maximum output operating 
voltage 176 V, the maximum output operating current 6.9 
A, and the standard solar cell output at this time 1.2 kW 
in total (a measured value under AM 1.5, 1 Sun, and 25°C) . 
[0108] 

Amorphous solar cells are used as the sign-of-man 
sensors (12a-f ) around the solar cell array and the positive 
and negative terminals of a plurality of solar cells are 
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connected directly or through a connector, as shown in Fig. 
16. Shunt resistors (0.1 Q, available from PCN) were 
connected to the positive and negative terminals of the 
plurality of cells connected in series. Then, a voltage 
at the both ends of each shunt resistor is detected as a 
signal . 
[0109] 

Incidentally, the solar cells as the sign-of-man 
sensors in the present example can be either of silicon 
solar cells of the crystalline type or the amorphous type 
(including the microcrystalline type). Further, the 
sign-of-man sensor is not limited to a solar cell, and any 
sensor can be used as long as it can detect an access of 
a man to the solar cell array and that can output the detection 
as a signal. 
[0110] 

The Junction box 45 incorporating the 
photovoltaic-power-generation- system switch 13 , the 
reverse current preventing diode 14, and the main switch 
15 is a Canon junction box BX-02, and the solar inverter 
17 a Canon inverter SI-04. The switch 16 for a short circuit 
or an open circuit between the terminals of the array is 
a dc electromagnetic contactor (DUD-A30, available from 
Mitsubishi) . The solar inverter 17 is connected to the 
commercial AC system 18 of the house switchboard. 
[0111] 

The solar cells in the present example may be of the 
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crystalline type or the amorphous type (including the 
microcrystalline type)- All the strings in the present 
photovoltaic power generation system face right south and 
are laid at the angle of inclination of 24,2°. As shown 
in Fig. 14, the solar cell strings in the present example 
are denoted as string 11a, string lib, and string 11c in 
the order named from the bottom. 
[0112] 

Shunt resistors Rl to R6 are used as the current detecting 
means of the sign-of-man sensors. Voltages at the both 
ends of Rl to R6 are defined as CI to C6, respectively, 
and they are inputted into an analog/digital converter 41 
(ADM-676PCI, available f romMicroscience ) tomeasure signals 
of the sensors. Incidentally, the current detecting means 
of the sign-of-man sensor is not limited to a shunt resistor, 
and other means such as detection with a clamp ammeter may 
be used. A personal computer 42 (FMV 5133D6 available from 
Fujitsu) is used for control of the analog/digital converter 
41. 

[0113] 

The switch control unit 44 for controlling the switch 
16 of the array is configured to energize the photocoupler 
of the switch control unit 44 through the digital output 
43 ( DAI 2 -16 available from CONTEC) from the personal computer 
42, perform switching of on/off of the external dc power 
supply (AHC-100-24S available from Asia Electronics), and 
control the voltage supply and stop for switching to the 



- 58 - 



switch 16 of the dc electromagnetic contactor. 
[0114] 

First, in order to measure an operating current value 
as a reference in the above-mentioned sign-of-man sensors, 
after confirming that there is no obstacle at all around 
the photovoltaic power generation system, voltages at the 
both ends of the shunt resistors Rl to R6 are detected as 
normal-state current signal values in the state where the 
solar radiation intensity is sufficient or in the state 
where the solar radiation intensity is close to 1000 W/m 2 . 
In this case, the voltage values of the normal -state current 
signals are assumed as follows. 
[0115] 

Normal- state current signal value of sign-of-man 
sensor 12a = Cpms(l) 

Normal-state current signal value of sign-of-man 
sensor 12b = Cpms(2) 

Normal- state current signal value of sign-of-man 
sensor 12c = Cpms(3) 

Normal- state current signal value of sign-of-man 
sensor 12d = Cpms(4) 

Normal- state current signal value of sign-of-man 
sensor 12e = Cpms ( 5 ) 

Normal-state current signal value of sign-of-man 
sensor 12f = Cpms(6) 
[0116] 

Incidentally, the following reference initial set 
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values were used as set values for calculation in the control 
method of the photovoltaic power generation system of the 
present example . 
[0117] 

(1) Sensor current comparison reference 
value AO = 0.9 

(2) Measurement interval T = 1 sec 

(3) Determination start reference value S = 0.005 

(4) Alarm output reference time TO » 5 sec 

(5) Normal- state current signal value of sign-of-man 
sensor 12a, Cpms(l) = 0.228 

(6) Normal- state current signal value of sign-of-man 
sensor 12b, Cpms ( 2 ) = 0 . 225 

(7) Normal- state current signal value of sign-of-man 
sensor 12c, Cpms(3) = 0.226 

(8) Normal-state current signal value of sign-of-man 
sensor 12d, Cpms(4) = 0.225 

(9) Normal-state current signal value of sign-of-man 
sensor 12e, Cpms(5) = 0.224 

(10) Normal-state current signal value of sign-of-man 
sensor 12f, Cpms(6) = 0.225 

[0118] 

Dispersion of the electric currents among the sensors 
can be corrected based on the measurement of the normal -state 
current signals of the sign-of-man sensors. 
[0119] 

A flowchart of the control method of the present example 
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is presented in Fig. 18. 
[0120] 

First, the determination start reference value S is 
set (step S52) and the shunt resistors Rl to R6 are used 
as the current detecting means for the sensors, and the 
voltages at the both ends thereof are inputted at fixed 
intervals T (measurement intervals of 1 sec in the present 
example) into the analog/digital converter 41 (step S53). 
Then, the following calculations of Al to A6 are carried 
out using the measured end voltages CI to C6 (step S54). 
[0121] 

Al = Cl/Cpms(l) 

A2 = C2/Cpms(2) 

A3 = C3/Cpms(3) 

A4 = C4/Cpms(4) 

A5 = C5/Cpms(5) 

A6 = C6/Cpms(6) 
[0122] 

Then, when any one of Al to A6 is larger than the 
determination start reference value S, the following sensor 
comparison calculation is carried out based on Al to A6 
( step S57 ) . 

[Comparison calculation of sensors] 

D = (minimum of Al to A6 ) / (maximum of Al to A6 ) 
[0123] 

When all of Al to A6 are smaller than the determination 
start reference value S, the sensor comparison calculation 
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is not carried out. Incidentally, in the present example, 
the solar cells are used as the sign-of-man sensors, so 
that during periods of no solar radiation in the nighttime 
or weak solar radiation, the provision of the determination 
start reference value S prevents the sensors from functioning . 
Namely, during periods without any risk in the photovoltaic 
power generation system, the sensors stop automatically. 
Therefore, sufficient safety can be ensured with the simple 
structure by the combination of the two factors. Further, 
this configuration also exhibits the specific effect that 
an extra power supply or energy is not necessary for operating 
the sensors, while ensuring the sufficient safety. Namely, 
the configuration of the present example can effectively 
utilize the feature that there is no need for emission of 
an alarm or a short circuit of the array during the periods 
without any risk in the photovoltaic power generation system, 
e.g. , during periods of no solar radiation in the nighttime 
or during periods of small signals of sensors under weak 
solar radiation. 
[0124] 

In the next place, when the calculated value D is smaller 
than the sensor current comparison reference value AO (0.9 
in the present example) (step S510), an alarm is issued 
first (step S511). In this case, an alarm is displayed 
on the screen of the personal computer 42, for example. 

Another alarm device may also be used instead of the display 
of the alarm on the screen of the personal computer. 
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[0125] 

In the present example, as described above, the control 
method is configured to perform the measurement of the current 
signals of the sensors and the calculations, compare the 
signal values of the respective sensors, and judge that 
a person comes to near the array if there is a deviation 
of not less than the predetermined value. 
[0126] 

Then, the current signals of the respective sensors 
are repeatedly measured continuously at the fixed intervals 
T ( 1 sec in the present example ) and the comparison calculation 
of the sensors is carried out . When D is still smaller 
than the sensor current comparison reference value DO even 
after the alarm output reference time AO ( 5 sec in the present 
example) (step S512) , the photocoupler of the switch control 
unit 44 is energized through the digital output 43 from 
the personal computer 42 to effect switching of the external 
dc power supply, supply the voltage to the switch 16 of 
the dc electromagnetic contactor, short the switch 16, and 
short the array (step S514). 
[0127] 

Then, the switching state of the switch 16 of the dc 
electromagnetic contactor for shorting the array is retained 
before a release operation is performed. The release 
operation may be done manually or automatically. 
[0128] 
(Example 7) 
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The present example is an example of a control method 
of the photovoltaic power generation system of the present 
invention shown in Fig. 19 to Fig. 21 as described in 
Embodiment 3 . 
[0129] 

In the photovoltaic power generation system of the 
present example, the number of sensors is increased and 
the sensors are not laid only around the array, but are 
also laid around the string units as shown in Fig. 19 to 
Fig. 21, based on the structure of the photovoltaic power 
generation system of Example 6. Then, the short-circuit 
condition described in Example 6 is not that the array of 
the photovoltaic power generation system is shorted, but 
that only the string for which a human shadow has been detected 
is shorted. 
[0130] 

In the photovoltaic power generation system of the 
present example, the sensors (12a-n) are laid around the 
strings of the solar cells. The sensors are fabricated 
as with those shown in Fig. 16 of Example 6, and the voltages 
CI to C14 at the both ends of the shunt resistors Rl to 
R14 are inputted into the analog/digital converter 41 to 
measure the signals of the sensors. 
[0131] 

The reference initial set values listed below were 
used as set values for calculation in the control method 
of the solar cell array of the present example. 
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[0132] 

(1) Sensor current comparison reference 
value AO = 0.9 

(2) Measurement interval T = 1 sec 

(3) Determination start reference value S = 0.005 

(4) Alarm output reference time TO = 5 sec 

(5) Normal-state current signal of sign-of-man 
sensor 12a, Cpms(l) = 0.228 

(6) Normal -state current signal of sign-of-man 
sensor 12b, Cpms(2) = 0.225 

(7) Normal- state current signal of sign-of-man 
sensor 12c, Cpms(3) = 0.226 

(8) Normal-state current signal of sign-of-man 
sensor 12d, Cpms(4) = 0.225 

(9) Normal- state current signal of sign-of-man 
sensor 12e, Cpms(5) = 0.224 

(10) Normal- state current signal of sign-of-man 
sensor 12f, Cpms(6) = 0.225 

(11) Normal- state current signal of sign-of-man 
sensor 12g, Cpms(7) = 0.228 

(12) Normal- state current signal of sign-of-man 
sensor 12h, Cpms(8) = 0.225 

(13) Normal- state current signal of sign-of-man 
sensor 12i, Cpms(9) = 0.226 

(14) Normal-state current signal of sign-of-man 
sensor 12 j, Cpms(10) = 0.225 

(15) Normal- state current signal of sign-of-man 
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sensor 12k, Cpms(ll) = 0.224 

(16) Normal- state current signal of sign-of-man 
sensor 121, Cpms(12) = 0.225 

(17) Normal- state current signal of sign-of-man 
sensor 12m, Cpms(13) = 0.225 

(18) Normal- state current signal of sign-of-man 
sensor 12n, Cpms(14) = 0.225 

[0133] 

A flowchart of the control method of the present example 
is presented in Fig. 22. 
[0134] 

First, the determination start reference value S is 
set (step S92) and the shunt resistors Rl to R14 are used 
as the current detecting means for the sensors, and the 
voltages at the both ends thereof are inputted at fixed 
intervals T (measurement intervals of 1 sec in the present 
example) into the analog/digital converter 41 (step S93). 
Then, the following calculations of Al to A14 are carried 
out using the measured end voltages CI to C14 (step S94). 
[0135] 

Al = Cl/Cpms(l) 

A2 = C2/Cpms(2) 

A3 = C3/Cpms(3) 

A4 = C4/Cpms(4) 

A5 = C5/Cpms(5) 

A6 = C6/Cpms(6) 

A7 = C7/Cpms(7) 
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A8 = 


C8/Cpms(8) 


A9 = 


C9/Cpms(9) 


A10 


= C10/Cpms(10) 


All 


= Cll/Cpras(ll) 


A12 


= C12/Cpms(12) 


A13 


= C13/Cpms(13) 


A14 


= C14/Cpms(14) 



[0136] 

Then, when any one of Al to A14 is larger than the 
determination start reference value S, the following sensor 
comparison calculations are carried out for the short circuit 
conditions of the strings 11a, lib, 11c, based on Al to 
A14 (step S97) . 

[Comparison calculation of sensors for string 11a] 
Dl = (minimum of Al to A6)/ (maximum of Al to A6 ) 

[Comparison calculation of sensors for string lib] 
D2 = (minimum of A5 to A10 )/ (maximum of A5 to A10) 

[Comparison calculation of sensors for string 11c] 
D3 = (minimum of A9 to A14 ) / (maximum of A9 to A14) 

[0137] 

When any one of the calculated values Dl to D3 is smaller 
than the sensor current comparison reference value AO (0.9 
in the present example) (step S98) , an alarm for an objective 
string is first outputted (step S911) . For example, when 
Dl is smaller than AO , an alarm for the string 11a is displayed 
on the screen of the personal computer 42. Another alarm 
device may also be used instead of the output of the alarm 
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on the screen of the personal computer. Then, the 
current signals of the respective sensors are repeatedly 
measured continuously at the fixed intervals T (1 sec in 
the present example), and the comparison calculations of 
the sensors are carried out . When any one of Dl to D3 is 
smaller than the sensor current comparison reference value 
AO even after the alarm output reference time TO (5 sec 
in the present example), the personal computer 42 emits 
the digital output 43 to energize the photocoupler of the 
switch control unit 44 of the objective string, based on 
the digital output 43, perform switching of the external 
dc power supply, supply the voltage to the switch 61 of 
the dc electromagnetic contactor, short the switch 61, and 
short the objective string (step S914). 
[0138] 

The switching state of the switch 61 of the dc 
electromagnetic contactor for shorting string is retained 
before a release operation is carried out . The above release 
operation may be conducted manually or automatically. 
[0139] 

[Effect of the Invention] 

As described above, the photovoltaic power generation 
system and the control method of the photovoltaic power 
generation system according to the present invention are 
configured to prevent an electric shock on an intruder by 
providing the detecting means capable of detecting intrusion 
of the intruder into the restricted area including the 
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installation area of the solar cell modules and activating 
the predetermined electric shock preventing means by the 
signal outputted from the detecting means upon detection 
of the intruder, so that it is feasible to detect the intruder 
and prevent the intruder from receiving an electric shock. 

In addition, since the safeguard becomes effective 
approximately at the same time as the detection of the intruder , 
the safety can be enhanced more and the manager or the person 
concerned does not have to always monitor the system. 
Therefore, the number of guards can be reduced and this 
permits reduction of cost. 
[0140] 

Another control method of the photovoltaic power 
generation system according to the present invention is 
configured to detect the output signal of one sensor or 
output signals of plural sensors located around the solar 
cell array or around each string of the solar cell array 
and control the switch for establishing a short circuit 
between the output terminals of the solar cell array or 
each string, based on the output signals, so that when it 
is determined that a sign of man is detected in a local 
part of the array from the output signal of the sensor, 
the array or the string is shorted by controlling the switch 
between the terminals of the array or the string, whereby 
it is feasible to prevent an electric shock hazard which 
can occur when a man touches a defective insulation part 
such as breakage of the surface coating of the solar cell 
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module, a crack, a scar, deformation, etc. of the surface 
glass, and so on. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig . 1 is a layout view of a photovoltaic power generation 
system according to Embodiment 1 of the present invention. 

Fig. 2 is a layout view of a photovoltaic power generation 
system according to Example 1 of the present invention. 

Fig. 3 is a circuit diagram of the photovoltaic power 
generation system according to Example 1 of the present 
invention. 

Fig. 4 is views showing solar cell modules used in 
the photovoltaic power generation system according to 
Example 1 of the present invention, in which (a) is a 
structural view of the solar cell modules, (b) a circuit 
diagram showing a state of normal power generation of the 
solar cell string, and (c) a circuit diagram showing a state 
of a short circuit of the solar cell string. 

Fig. 5 is a cross -sectional view of the solar cell 
module used in the photovoltaic power generation system 
according to Example 1 of the present invention. 

Fig. 6 is a layout view of a photovoltaic power generation 
system according to Example 2 of the present invention. 

Fig. 7 is a circuit diagram of the photovoltaic power 
generation system according to Example 2 of the present 
invention . 

Fig. 8 is a layout view of a photovoltaic power generation 
system according to Example 3 of the^present invention. 
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Fig. 9 is views showing solar cell modules used in 
the photovoltaic power generation system according to 
Example 3 of the present invention, in which (a) is a 
structural view of the solar cell modules, (b) a circuit 
diagram showing a state of normal power generation of the 
solar cell string, and (c) a circuit diagram showing a state 
of a short circuit of the solar cell string. 

Fig. 10 is a layout view of a photovoltaic power 
generation system according to Example 4 of the present 
invention. 

Fig. 11 are views showing solar cell modules used in 
the photovoltaic power generation system according to 
Example 4 of the present invention, in which (a) is a 
structural view of the solar cell modules, (b) a circuit 
diagram showing a state of normal power generation of the 
solar cell string, and (c) a circuit diagram showing a state 
of a short circuit of the solar cell string. 

Fig. 12 is a circuit diagram of a photovoltaic power 
generation system according to Example 5 of the present 
invention . 

Fig. 13 is a structural view of the solar cell module 
used in the photovoltaic power generation system according 
to Example 5 of the present invention. 

Fig. 14 is a structural view of a photovoltaic power 
generation system according to Embodiment 2 and Example 
6 of the present invention. 

Fig. 15 is a structural view showing a roof configuration 
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of the photovoltaic power generation system according to 
Embodiment 2 and Example 6 of the present invention. 

Fig. 16 is a view for explaining sign-of-man sensors 
in the photovoltaic power generation system according to 
Embodiment 2 and Example 6 of the present invention. 

Fig. 17 is a view for explaining a method of controlling 
the photovoltaic power generation system according to 
Embodiment 2 and Example 6 of the present invention. 

Fig. 18 is a flowchart for explaining a method of 
controlling the photovoltaic power generation system 
according to Example 6 of the present invention. 

Fig. 19 is a structural view of a photovoltaic power 
generation system according to Embodiment 3 and Example 
7 of the present invention. 

Fig . 20 is a structural view showing a roof configuration 
of the photovoltaic power generation system according to 
Embodiment 3 and Example 7 of the present invention. 

Fig. 21 is a view for explaining a method of controlling 
the photovoltaic power generation system according to 
Embodiment 3 and Example 7 of the present invention. 

Fig. 22 is a flowchart for explaining a method of 
controlling the photovoltaic power generation system 
according to Example 7 of the present invention. 
[EXPLANATION OF REFERENCE NUMERALS] 
11: Solar cell array 
11a, lib, 11c: Solar cell string 
12: Sensor 
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13: String output terminal switch 

14 : Reverse current preventing diode 

15: Main switch 

16: Array shorting switch 

17: Solar inverter 

18: Commercial AC system 

19: Current signal detector 

21: Roof of building 

31: Solar cell 

32: Connector 

41: Digital/analog converter 

42: Personal computer 

43: Digital output 

44: Switch control unit 

45: Junction box 

61: String shortening switch 

101, 206, 506, 606, 804, 1001: Photovoltaic power generation 
system 

102, 201, 501, 601, 801: Solar cell installation area 

103, 202, 502, 602, 802: Restricted area 
104: Intrusion preventing means 

105: Intruder detecting means 
106, 205, 505, 605, 803: Building 
110: Signal processing/comparing unit 
111: Control unit 
112: Alarm/display 
203: Wall 
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204: Door 

207, 508: Solar cell string 

208, 510, 1006: Junction box 

209, 509, 704: Relay switch 

210, 511, 1007: Inverter 
211: Sensor 

301, 507, 701, 901, 1002, 1101: Solar cell module 
302: Amorphous silicon solar cell 

303, 703, 903, 1102: Rear surface reinforcing plate 
304: Adhesive protecting film 
305, 1103: Insulating sheet 
306 : Interconnector 

307, 706, 906: Silicone sealant 

308, 508, 704, 904: Relay switch 
503a, 503b, 603: Fence 

504, 507: Vibration sensor 
604: Ditch 

702, 902, 1104: Solar cell 
705, 905, 1105: Coating 
707, 1008: Signal 
1003: Opening switch 
1004 : Proximity sensor 
1005: Blocking diode 
1106: Lead wire 
R1-R14: Shunt resistor 
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[NAME OF DOCUMENT] ABSTRACT 
[Abstract ] 

[Problem to be solved] 

There are provided a photovoltaic power generation 
system with high safety and of low cost that can prevent 
an electric shock hazard of an intruder intruding into a 
restricted area or the like in a photovoltaic power generation 
system and that does not have to be always monitored by 
a manager or a person concerned, and a method of controlling 
the photovoltaic power generation system. 
[Means for solving the problem] 

There are provided a restricted area 103 including 
an area in which solar cell modules are installed, means 

104 for preventing intrusion of an intruder into the 
restricted area 103, and detecting means 105 capable of 
detecting the intrusion of the intruder into the restricted 
area, and predetermined electric shock preventing means 
is activated by a signal outputted from the detecting means 

105 upon detection of the intruder to prevent the intruder 
from receiving an electric shock. 

[Elected figure] Figure 1 
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